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Description

TECHNICAL FIELD

[0001] The present invention relates to a resin composition for dense fuel cell separators.

BACKGROUND ART

[0002] One role of the fuel cell separator is to confer each unit cell with electrical conductivity. In addition, separators
provide flow channels for the supply of fuel and air (oxygen) to the unit cells and also serve as boundary walls separating
the unit cells.
[0003] Properties required of a separator thus include a high electrical conductivity, a high impermeability to gases,
chemical stability, heat resistance and hydrophilicity.
[0004] Of such fuel cell separators, carbon separators produced from separator compositions which include graphite
powder and a resin component are generally formed by compression molding the composition under applied heat within
a mold for a given length of time.
[0005] In recent years, improvements in the production efficiency of fuel cell separators have been sought in order to
lower their cost, and there exists a desire for the length of time required in production steps, such as the compression
molding time, to be shortened.
[0006] Art from this standpoint includes, for example, the disclosure in Patent Document 1 of a method for producing
fuel cell separators that includes the step of compression molding, for 10 to 30 seconds in a mold, a molding material
that includes an epoxy resin, a curing agent, a curing accelerator, and graphite particles in a ratio with respect to the
total solids of from 70 to 80 wt%.
[0007] However, in the production method of Patent Document 1, at the 10 to 30 seconds employed as the compression
molding time in the mold, the productivity improves, but because the holding time within the mold is short, curing of the
resin composition is incomplete. In order to bring curing to completion, not only is heat treatment under pressing necessary
as well, facilities for carrying out such heat treatment are also required. Hence, there remains room for improvement in
terms of production efficiency.
[0008] Moreover, the fuel cell separators obtained by this production method have a total organic carbon (TOC) value
(indicating leachability) of 15 ppm or more (see Example 1 in Patent Document 1), which adversely affects fuel cell
performance.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0009] Patent Document 1: JP-A 2013-020819

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0010] It is therefore an object of this invention to provide a resin composition for dense fuel cell separators which,
even when compression molded for a short period of less than 10 seconds, is able to give dense fuel cell separators
that satisfy a given level of performance.

SOLUTION TO PROBLEM

[0011] The inventors have conducted extensive investigations in order to achieve this object. As a result, they have
discovered that, by using a composition which includes graphite powder having a specific springback and average
particle size and an epoxy resin component that includes a specific curing accelerator, a dense fuel cell separator
endowed with a good performance can be obtained even by compression molding for a short period of less than 10
seconds.
[0012] Accordingly, the invention provides: a resin composition according to claim 1; a dense fuel cell separator
according to claim 6; and a method for producing a dense fuel cell separator according to claim 9.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0013] By using the resin composition for dense fuel cell separators of the invention, compression molding ends in a
short time, increasing separator productivity.
[0014] Moreover, dense fuel cell separators obtained in a compression molding time of less than 10 seconds using
resin compositions according to the invention have the following excellent properties: low resistivity, high glass transition
point and low total organic carbon (TOC).

BRIEF DESCRIPTION OF DRAWINGS

[0015]

[FIG. 1] FIG. 1 shows schematic side views of a die that may be used to measure the springback of graphite powder.
[FIG. 2] FIG. 2 is a graph showing the relationship between molding time and resistivity for the separators produced
in Working Examples 21 and 22 and Comparative Examples 13 and 14.
[FIG. 3] FIG. 3 is a graph showing the relationship between molding time and flexural strength for the separators
produced in Working Examples 21 and 22 and Comparative Examples 13 and 14.
[FIG. 4] FIG. 4 is a graph showing the relationship between molding time and TOC for the separators produced in
Working Examples 21 and 22 and Comparative Examples 13 and 14.

DESCRIPTION OF EMBODIMENTS

[0016] The invention is described more fully below.
[0017] The resin composition for dense fuel separators according to the invention is made up of graphite powder and
an epoxy resin component that includes a base resin, a curing agent and a curing accelerator, and is characterized in
that the graphite powder has a springback of between 20 and 70% and an average particle size d50 of from 30 to 100
mm, and the curing accelerator is an imidazole compound having an aryl group at the 2 position.
[0018] In resin molding, assuming the composition to be the same, a higher molding temperature or a higher molding
pressure generally results in a shorter compression molding time. However, when the molding temperature is increased
too much, a rise in viscosity occurs and the flowability worsens due to rapid resin curing reactions within the mold. This
sometimes makes it difficult to obtain a uniform, thin-walled separator or causes molding defects that lead to a high
resistivity. On the other hand, in order to increase the molding pressure, a press having a corresponding power is required.
[0019] The inventors have found both that, by using a graphite powder having a low springback, effects similar to
those obtained by increasing the molding temperature and molding pressure can be achieved, making it possible to
shorten the compression molding time, and that when the springback is too low, the strength of the resulting separator
weakens.
[0020] Based on these findings, a graphite powder having a springback for the powder as a whole of between 20 to
70% is used in this invention. By using graphite having a springback within this range, the compression molding time
can be shortened and separators that are thin-walled and uniform can be obtained.
[0021] As used herein, "springback" refers to springback by the powder itself. Specifically, as described in detail in
the subsequent examples, this is the value computed as [(Y-X)/X] 3 100 (%), where X is the height of the powder when
charged into a specific die and compressed under a specific pressure and Y is the height of the powder when the pressure
is released.
[0022] The graphite powder of the invention is not particularly limited as to, for example, the type thereof, provided
that the powder as a whole satisfies the above springback. Use may be made of either natural graphite or synthetic
graphite.
[0023] The synthetic graphite used may be suitably selected from among ones that have hitherto been used in fuel
cell separators. Examples include synthetic graphite obtained by firing needle coke and synthetic graphite obtained by
firing vein coke.
[0024] Likewise, the natural graphite used may be suitably selected from among ones that have hitherto been used
in fuel cell separators. Examples include natural vein graphite and natural flake graphite.
[0025] In either case, a graphite for which the springback of the graphite powder, as measured by the subsequently
described technique, falls within the range specified in this invention should be suitably selected. These graphite powders
may be used singly or two or more may be used in combination.
[0026] In this invention, so long as the springback of the overall graphite powder used can be adjusted to between
20% and 70%, graphite powder having a springback that does not satisfy the range of between 20% and 70% may be
used together with graphite powder having the above-specified springback, and graphite powder having a springback
of below 20% may be used in combination with graphite powder having a springback greater than 70%.
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[0027] Examples of such graphite powders include natural graphite and synthetic graphite. These may be used singly,
or two or more may be used in combination.
[0028] Moreover, in this invention, so long as the springback of the overall graphite (carbonaceous material) power
used can be adjusted to between 20% and 70%, other carbonaceous materials such as graphite obtained by grinding
electrodes to powder, coal pitch, petroleum pitch, coke, activated carbon, glassy carbon, acetylene black and ketjenblack
may be added. These carbonaceous materials may be used singly, or two or more may be used in combination.
[0029] In the graphite powder of the invention, when graphite powder having a springback of between 20% and 70%
and graphite powder or carbonaceous material that does not satisfy this condition are used, the content ratio therebetween
is not particularly limited, so long as the springback of the graphite powder obtained by mixing both is between 20% and
70%. However, to do away with the trouble of having to adjust the springback, graphite powder with a springback of
between 20% and 70% accounts for preferably more than 20 wt%, more preferably 50 wt% or more, and even more
preferably 90 wt% or more, of all the graphite powder.
[0030] The graphite powder used in this invention has an average particle size (d = 50) which, taking into account the
balance between the resistivity and the strength of the resulting separator, is set to from 30 to 100 mm, and preferably
from 50 to 100 mm.
[0031] The base resin within the epoxy resin component is not particularly limited, provided it has epoxy groups.
Examples include o-cresol-novolak epoxy resins, phenol-novolak epoxy resins, bisphenol A epoxy resins, bisphenol F
epoxy resins, biphenyl epoxy resins, biphenyl aralkyl epoxy resins, trisphenol epoxy resins, brominated epoxy resins,
dicyclopentadiene epoxy resins and biphenyl-novolak epoxy resins. These may be used singly, or two or more may be
used in combination. Of these, an o-cresol-novolak epoxy resin alone, a biphenyl epoxy resin alone, and mixtures thereof
are preferred.
[0032] The epoxy equivalent weight of the epoxy resin used in this invention, although not particularly limited, is
preferably from 180 to 209 g/eq.
[0033] The curing agent within the epoxy resin component is not particularly limited, provided it is a phenolic resin.
Specific examples include novolak phenolic resins, cresol-novolak phenolic resins, resol phenolic resins, alkyl-modified
phenolic resins, biphenyl-novolak phenolic resins and tris(phenol methane) phenolic resins. These may be used singly,
or two or more may be used in combination. Of these, novolak phenolic resins are preferred.
[0034] The hydroxyl equivalent weight of the phenolic resin used in the invention, although not particularly limited, is
preferably from 95 to 240 g/eq, and more preferably from 100 to 115 g/eq.
[0035] An imidazole compound having an aryl group at the 2 position is used as the curing accelerator within the epoxy
resin component.
[0036] Specific examples of the aryl group include phenyl, tolyl and naphthyl groups. A phenyl group is preferred.
[0037] Specific examples of imidazole compounds having an aryl group at the 2 position include 2-phenylimidazole
and 2-phenyl-4-methylimidazole.
[0038] When an imidazole compound having a short-chain alkyl group such as 2-methylimidazole is used as the curing
accelerator, the curing time is too rapid, making uniform molding impossible. On the other hand, when an imidazole
compound having a long-chain alkyl group such as 2-undecylimidazole is used as the curing accelerator, the curing time
is too slow, and so curing is not completed in a short time.
[0039] The amount of curing accelerator used is not particularly limited, although it may be set to from about 0.1 to
about 5 parts by weight, preferably from 0.5 to 2 parts by weight, per 100 parts by weight of the mixture of the epoxy
resin and the phenolic resin.
[0040] The content of the epoxy resin component (base resin, curing agent and curing accelerator) in the resin com-
position of the invention may be set to from about 10.0 to about 50.0 parts by weight per 100 parts by weight of the
graphite powder, and is preferably from 20 to 40 parts by weight.
[0041] In this case, it is preferable to include from 0.98 to 1.08 equivalents of the phenolic resin with respect to the
epoxy resin, and more preferable to include from 0.99 to 1.05 equivalents.
[0042] The resin composition of the invention may also include an internal mold release agent. The internal mold
release agent may be suitably selected from among various types of internal mold release agents hitherto used in the
molding of separators. Specific examples include stearic acid wax, amide wax, montanic acid wax, carnauba wax and
polyethylene wax. These may be used singly, or two or more may be used in combination.
[0043] When an internal mold release agent is used, the content thereof, although not particularly limited, is typically
from 0.1 to 1.5 parts by weight, and especially from 0.05 to 1.0 part by weight, per 100 parts by weight of the graphite
powder.
[0044] The resin composition of the invention may be prepared by, for example, mixing the graphite powder, epoxy
resin, phenolic resin and curing accelerator in any order and in the prescribed proportions. Illustrative examples of mixers
that may be used for such mixing include planetary mixers, ribbon blenders, Loedige mixers, Henschel mixers, rocking
mixers and Nauta mixers.
[0045] In cases where an internal mold release agent is used, it too may be added in any order.



EP 3 528 326 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0046] The dense fuel cell separator of the invention can be obtained by charging the above composition into a given
mold and compression molding. The mold used is exemplified by a mold for fuel cell separator production that is capable
of forming, on one or both sides of the molded body, grooves to serve as gas flow channels.
[0047] The compression molding conditions, although not particularly limited, are typically a mold temperature of
between 150 and 190°C and a molding pressure of between 30 and 60 MPa, preferably between 30 and 50 MPa.
[0048] As mentioned above, by using the resin composition of the invention, a separator having properties suitable
for practical use can be obtained in a short compression molding time of less than 10 seconds, enabling the production
efficiency of separators to be increased.
[0049] The lower limit of the compression molding time may be suitably set according to the desired performance.
However, to obtain separators having, for example, a practical resistivity and strength, the compression molding time is
set to preferably at least 3 seconds, more preferably at least 5 seconds, and even more preferably at least 7 seconds.
The upper limit in the compression molding time is not particularly limited, and may be set to a compression molding
time of about one hour as in the prior art. However, because the performance does not improve to any great degree
when the compression molding time is thus increased, from a practical standpoint, the upper limit in the compression
molding time is preferably about 60 seconds, and more preferably about 30 seconds.
[0050] After compression molding, heating at between 150 and 200°C for a period of between about 1 minute and
about 600 minutes may be carried out to promote thermosetting. However, with the resin composition of this invention,
separators having a performance that is adequate for practical purposes can be obtained even when this step is omitted.
[0051] In this invention, the dense fuel cell separator obtained by compression molding may be subjected to surface
roughening treatment in order to remove the skin layer and adjust the surface roughness.
[0052] The surface roughening technique is not particularly limited and may be suitably selected from among various
known surface roughening methods, such as blasting and polishing. Air blasting, wet blasting, barrel polishing and brush
polishing are preferred, blasting treatment using an abrasive is more preferred, and wet blasting is even more preferred.
[0053] The abrasive used in blasting at this time has an average particle size (d = 50) of preferably from 3 to 30 mm,
more preferably from 4 to 25 mm, and even more preferably from 5 to 20 mm.
[0054] The material making up the abrasive used in blasting may be, for example, alumina, silicon carbide, zirconia,
glass, nylon or stainless steel. These may be used singly, or two or more may be used in combination.
[0055] The discharge pressure during wet blasting varies according to, for example, the particle size of the abrasive,
and therefore cannot be strictly specified. However, the discharge pressure is preferably between 0.1 and 1 MPa, and
more preferably between 0.15 and 0.5 MPa.
[0056] The dense fuel cell separator obtained using the resin composition of the invention has the following charac-
teristics: a resistivity of not more than 15 mΩ·cm, a glass transition point of at least 135°C, and a flexural strength of at
least 50 MPa.
[0057] Another characteristic of the dense fuel cell separator is a total organic carbon (TOC) value, which indicates
leachability, of 7 ppm or less.
[0058] Fuel cells equipped with the dense fuel cell separator of the invention having such characteristics are able to
maintain a stable power generation efficiency over a long period of time.
[0059] A solid polymer fuel cell is generally composed of a stack of many unit cells, each of which is constructed of a
solid polymer membrane disposed between a pair of electrodes that are in turn sandwiched between a pair of separators
which form flow channels for the supply and removal of gases. The dense fuel cell separator of the invention may be
used as some or all of the plurality of separators in the fuel cell.

EXAMPLES

[0060] Working Examples and Comparative Examples are given below by way of illustration, although the invention
is not limited by these Examples. The characteristics in the Examples were measured by the following methods. All
measured values are indicated as the average of three measurements.

Springback of Graphite Powder

[0061] [1] Two grams of graphite powder as the measurement sample was placed in the die having an inner diameter
of 15 mm shown in FIG. 1A and the top surface of the sample was flattened, following which the powder was compressed
by using a press to apply a 5.4-ton load to the punch over a period of 5 seconds (see FIG. 1B). The compressed state
was held for 30 seconds, after which the load was quickly released. The height at the top of the punch was measured
in each state with a height gauge and the springback was determined using the following formula.

L0: Height of punch when die contains no sample (mm)
L1: Height of punch when load has been applied (mm)
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L2: Height of punch when load has been released (mm) 

Average Particle Size

[0062] [2] Measured with a particle size analyzer (Nikkiso Co., Ltd.).

Resistivity

[0063] [3] Measured based on JIS H0602 (Method for Measuring Resistivity of Silicon Single Crystals and Silicon
Wafers Using Four-Point Probe).

Glass Transition Point

[0064] [4] Using a thermal analyzer (Q400 TMA, from TA Instruments), measurement was carried out at a temperature
rise rate of 1°C/min under a load of 5 g, and the inflection point in the resulting coefficient of thermal expansion curve
was treated as the glass transition point.

Strength Tests (Flexural Strength, Flexural Modulus, Flexural Strain)

[0065] [5] Using 100 3 20 3 2 mm test specimens cut from a separator, three-point bending tests were carried out in
accordance with JIS K 6911 ("General Test Methods for Thermosetting Plastics") at a span between the support points
of 40 mm, and the flexural strength, flexural modulus and flexural strain were measured.

TOC

[0066] [6] The above test specimen was placed in 500 mL of deionized water and heated for 1,000 hours at an internal
temperature of 90°C. After the completion of heating, the test specimen was removed and the total organic carbon within
the deionized water was measured with a TOC analyzer (TOC-L, from Shimadzu Corporation).

[Working Example 1]

[0067] A resin composition for dense fuel cell separators was prepared by charging a Henschel mixer with 100 parts
by weight of Graphite Powder 1 (synthetic graphite, needle; springback, 23%; average particle size (d50), 50 mm), 20.4
parts by weight of Epoxy Resin 1 (an o-cresol-novolak epoxy resin available as EOCN-1020-65 from Nippon Kayaku
Co., Ltd.; epoxy equivalent weight, 198 g/eq), 10.7 parts by weight of phenolic resin (a novolak phenolic resin available
as Shonol BRG-566 from Aika SDK Phenol Co., Ltd.; hydroxyl equivalent weight, 103 g/eq), and 0.25 part by weight of
2-phenylimidazole (referred to below as 2PZ, from Shikoku Chemicals Corporation), then mixing these ingredients
together for 3 minutes at 800 rpm.
[0068] The resulting composition was charged into a mold for producing fuel cell separators and compression molded
at a mold temperature of 185°C, a molding pressure of 36.6 MPa and a molding time of 9 seconds, thereby giving a
dense molded body with dimensions of 240 mm 3 240 mm 3 2 mm and having gas flow channels.
[0069] Next, a dense fuel cell separator was obtained by subjecting the entire surface of the resulting dense molded
body to roughening treatment by wet blasting using alumina abrasive grit (average particle size, d50 = 6 mm) under the
following conditions: discharge pressure, 0.25 MPa; transport speed, 1.5 m/min.

[Working Example 2]

[0070] Aside from changing Graphite Powder 1 to Graphite Powder 2 (synthetic graphite, needle; springback, 30%;
average particle size (d50), 50 mm), a composition was prepared and compression molded in the same way as in Working
Example 1, giving a dense fuel cell separator.

[Working Example 3]

[0071] Aside from changing Graphite Powder 1 to Graphite Powder 3 (synthetic graphite, needle; springback, 40%;
average particle size (d50), 50 mm), a composition was prepared and compression molded in the same way as in Working
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Example 1, giving a dense fuel cell separator.

[Working Example 4]

[0072] Aside from changing Graphite Powder 1 to Graphite Powder 4 (synthetic graphite, vein; springback, 45%;
average particle size (d50), 30 mm), a composition was prepared and compression molded in the same way as in Working
Example 1, giving a dense fuel cell separator.

[Working Example 5]

[0073] Aside from changing Graphite Powder 1 to Graphite Powder 5 (synthetic graphite, vein; springback, 50%;
average particle size (d50), 50 mm), a composition was prepared and compression molded in the same way as in Working
Example 1, giving a dense fuel cell separator.

[Working Example 6]

[0074] Aside from changing Graphite Powder 1 to Graphite Powder 6 (synthetic graphite, vein; springback, 55%;
average particle size (d50), 70 mm), a composition was prepared and compression molded in the same way as in Working
Example 1, giving a dense fuel cell separator.

[Working Example 7]

[0075] Aside from changing Graphite Powder 1 to Graphite Powder 7 (synthetic graphite, vein; springback, 60%;
average particle size (d50), 100 mm), a composition was prepared and compression molded in the same way as in
Working Example 1, giving a dense fuel cell separator.

[Working Example 8]

[0076] Aside from changing the 100 parts by weight of Graphite Powder 1 to a combination of 20 parts by weight of
Graphite Powder 1 and 80 parts by weight of Graphite Powder 9 (synthetic graphite, vein; springback, 75%; average
particle size (d50), 50 mm), a composition was prepared and compression molded in the same way as in Working
Example 1, giving a dense fuel cell separator.

[Working Example 9]

[0077] Aside from changing the 100 parts by weight of Graphite Powder 1 to a combination of 30 parts by weight of
Graphite Powder 8 (natural graphite, flakes; springback, 10%; average particle size (d50), 50 mm) and 70 parts by weight
of Graphite Powder 9, a composition was prepared and compression molded in the same way as in Working Example
1, giving a dense fuel cell separator.

[Working Example 10]

[0078] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to 19.8 parts by weight of Epoxy Resin 3 (a
biphenyl epoxy resin available as jER YX4000 from Mitsubishi Chemical Corporation; epoxy equivalent weight, 183
g/eq) and changing the amount of phenolic resin added to 11.3 parts by weight, a composition was prepared and
compression molded in the same way as in Working Example 4, giving a dense fuel cell separator.

[Working Example 11]

[0079] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to 19.8 parts by weight of Epoxy Resin 3 and
changing the amount of phenolic resin added to 11.3 parts by weight, a composition was prepared and compression
molded in the same way as in Working Example 5, giving a dense fuel cell separator.

[Working Example 12]

[0080] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to 19.8 parts by weight of Epoxy Resin 3 and
changing the amount of phenolic resin added to 11.3 parts by weight, a composition was prepared and compression
molded in the same way as in Working Example 6, giving a dense fuel cell separator.
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[Working Example 13]

[0081] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to 19.8 parts by weight of Epoxy Resin 3 and
changing the amount of phenolic resin added to 11.3 parts by weight, a composition was prepared and compression
molded in the same way as in Working Example 7, giving a dense fuel cell separator.

[Working Example 14]

[0082] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to a combination of 10.1 parts by weight of
Epoxy Resin 1 and 10.1 parts by weight of Epoxy Resin 3 and changing the amount of phenolic resin added to 11.0
parts by weight, a composition was prepared and compression molded in the same way as in Working Example 5, giving
a dense fuel cell separator.

[Working Example 15]

[0083] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to a combination of 14.4 parts by weight of
Epoxy Resin 1 and 6.2 parts by weight of Epoxy Resin 2 (an o-cresol-novolak epoxy resin available as EOCN-103S
from Nippon Kagaku Co., Ltd.; epoxy equivalent weight, 214 g/eq) and changing the amount of phenolic resin added to
10.6 parts by weight, a composition was prepared and compression molded in the same way as in Working Example 5,
giving a dense fuel cell separator.

[Working Example 16]

[0084] Aside from changing the 20.4 parts by weight of Epoxy Resin 1 to a combination of 5.0 parts by weight of Epoxy
Resin 2 and 15.1 parts by weight of Epoxy Resin 3 and changing the amount of phenolic resin added to 11.0 parts by
weight, a composition was prepared and compression molded in the same way as in Working Example 5, giving a dense
fuel cell separator.

[Comparative Example 1]

[0085] Aside from changing Graphite Powder 1 to Graphite Powder 8, a composition was prepared and compression
molded in the same way as in Working Example 1, giving a dense fuel cell separator.

[Comparative Example 2]

[0086] Aside from changing Graphite Powder 1 to Graphite Powder 9, a composition was prepared and compression
molded in the same way as in Working Example 1, giving a dense fuel cell separator.

[Comparative Example 3]

[0087] Aside from changing Graphite Powder 1 to Graphite Powder 10 (synthetic graphite, vein; springback, 40%;
average particles size (d50), 20 mm), a composition was prepared and compression molded in the same way as in
Working Example 1, giving a dense fuel cell separator.

[Comparative Example 4]

[0088] Aside from changing Graphite Powder 1 to Graphite Powder 11 (synthetic graphite, vein; springback, 65%;
average particles size (d50), 110 mm), a composition was prepared and compression molded in the same way as in
Working Example 1, giving a dense fuel cell separator.

[Comparative Example 5]

[0089] Aside from changing Graphite Powder 1 to Graphite Powder 9, 20.4 parts by weight of Epoxy Resin 1 to 19.8
parts by weight of Epoxy Resin 3, and the amount of phenolic resin added to 11.3 parts by weight, a composition was
prepared and compression molded in the same way as in Working Example 1, giving a dense fuel cell separator.
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[Comparative Example 6]

[0090] Aside from changing Graphite Powder 1 to Graphite Powder 10, 20.4 parts by weight of Epoxy Resin 1 to 19.8
parts by weight of Epoxy Resin 3, and the amount of phenolic resin added to 11.3 parts by weight, a composition was
prepared and compression molded in the same way as in Working Example 1, giving a dense fuel cell separator.

[Comparative Example 7]

[0091] Aside from changing Graphite Powder 1 to Graphite Powder 11, 20.4 parts by weight of Epoxy Resin 1 to 19.8
parts by weight of Epoxy Resin 3, and the amount of phenolic resin added to 11.3 parts by weight, a composition was
prepared and compression molded in the same way as in Working Example 1, giving a dense fuel cell separator.
[0092] The resistivity, glass transition point, flexural strength, flexural modulus, flexural strain and TOC were measured
for each of the dense fuel cell separators obtained in Working Examples 1 to 16 and Comparative Examples 1 to 7. The
results are shown in Tables 1 and 2. In the tables, "parts" signifies parts by weight.
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[0093] As shown in Tables 1 and 2, the separators in Working Examples 1 to 16 obtained from compositions in which
the springback and average particle size of the graphite fall within the ranges stipulated in this invention had resistivities
of not more than 15 mΩ·cm, glass transition points of at least 135°C, flexural strengths of at least 50 MPa, flexural moduli
of at least 9.5 GPa, and TOC levels of not more than 7 ppm, and thus exhibited values that are suitable for dense fuel
cell separators.
[0094] The separators in Comparative Examples 1 to 7 were obtained using compositions in which the springback or
the average particle size of the graphite falls outside the range stipulated in this invention, as a result of which the
resistivity, strength or both were found to be inadequate.

[Table 2]

Comparative Example

1 2 3 4 5 6 7

Graphite powder

Amount added 
(parts)

Graphite 1 - - - - - - -

Graphite 2 - - - - - - -

Graphite 3 - - - - - - -

Graphite 4 - - - - - - -

Graphite 5 - - - - - - -

Graphite 6 - - - - - - -

Graphite 7 - - - - - - -

Graphite 8 100 - - - - - -

Graphite 9 - 100 - - 100 - -

Graphite 10 - - 100 - - 100 -

Graphite 11 - - - 100 - - 100

Springback (%) 10 75 40 65 75 40 65

Average particle size (d50) (mm) 50 50 20 110 50 20 110

Base resin
Amount added 
(parts)

Epoxy Resin 
1

20.4 20.4 20.4 20.4 - - -

Epoxy Resin 
2

- - - - - - -

Epoxy Resin 
3

- - - - 19.8 19.8 19.8

Epoxy equivalent weight (g/eq) 198 198 198 198 183 183 183

Curing agent

Amount added (parts) 10.7 10.7 10.7 10.7 11.3 11.3 11.3

Hydroxyl equivalent weight (g/eq) 103 103 103 103 103 103 103

Ratio w/r epoxy equivalent weight 1.01 1.01 1.01 1.01 1.01 1.01 1.01

Curing accelerator (2PZ), amount added (parts) 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Internal mold release agent, amount added (parts) 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Resistivity (mΩ ·cm) 11 15.6 16.3 8.5 16.1 16.9 8.7

Glass transition point (Tg) (°C) 167 125 165 163 112 144 138

Flexural strength (MPa) 48.3 58.9 67.8 49.2 56.8 65.7 48.3

Flexural modulus (GPa) 15.1 8.9 12.2 9.5 9.46 13.1 10.1

Flexural strain (%) 0.42 0.78 0.61 0.64 0.75 0.59 0.62

Total organic carbon (TOC) (ppm) 4.9 7.2 5.2 5.5 7.4 5.2 5.6
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[0095] Specifically, in Comparative Example 1, because the springback of the graphite powder was too low, curing of
the resin appears to have ended (glass transition point, 167°C), but the flexural strength was low.
[0096] In Comparative Examples 2 and 5, because the springback of the graphite powder was too high, curing of the
resin did not end in the molding time of 9 seconds (glass transition point, 125°C), and the resistivity and TOC were high.
[0097] In Comparative Examples 3 and 6, because the particle size of the graphite powder was too small, curing of
the resin appears to have ended, but resistivity was high.
[0098] In Comparative Examples 4 and 7, because the particle size of the graphite powder was too large, curing of
the resin appears to have ended, but the flexural strength was low.

[Working Example 17]

[0099] Aside from changing the curing accelerator from 2PZ to 2-phenyl-4-methylimidazole (referred to below as
2P4MZ, from Shikoku Chemicals Corporation), a composition was prepared and compression molded in the same way
as in Working Example 5, giving a dense fuel cell separator.

[Working Example 18]

[0100] Aside from changing the curing accelerator from 0.25 part by weight of 2PZ to a combination of 0.125 part by
weight of 2PZ and 0.125 part by weight of 2P4MZ, a composition was prepared and compression molded in the same
way as in Working Example 5, giving a dense fuel cell separator.

[Working Example 19]

[0101] Aside from changing the curing accelerator from 0.25 part by weight of 2PZ to a combination of 0.075 part by
weight of 2PZ and 0.175 part by weight of 2P4MZ, a composition was prepared and compression molded in the same
way as in Working Example 5, giving a dense fuel cell separator.

[Working Example 20]

[0102] Aside from changing the curing accelerator from 0.25 part by weight of 2PZ to a combination of 0.175 part by
weight of 2PZ and 0.075 part by weight of 2P4MZ, a composition was prepared and compression molded in the same
way as in Working Example 5, giving a dense fuel cell separator.

[Comparative Example 8]

[0103] Aside from changing the curing accelerator from 2PZ to 2-ethyl-4-methylimidazole (referred to below as 2E4MZ,
from Shikoku Chemicals Corporation), a composition was prepared and compression molded in the same way as in
Working Example 5, giving a dense fuel cell separator.

[Comparative Example 9]

[0104] Aside from changing the curing accelerator from 2PZ to 2-methylimidazole (referred to below as 2MZ, from
Shikoku Chemicals Corporation), a composition was prepared and compression molded in the same way as in Working
Example 5, giving a dense fuel cell separator.

[Comparative Example 10]

[0105] Aside from changing the curing accelerator from 2PZ to 2-undecylimidazole (referred to below as C11Z, from
Shikoku Chemicals Corporation), a composition was prepared and compression molded in the same way as in Working
Example 5, giving a dense fuel cell separator.

[Comparative Example 11]

[0106] Aside from changing the curing accelerator from 2PZ to 2-heptadecylimidazole (referred to below as C17Z,
from Shikoku Chemicals Corporation), a composition was prepared and compression molded in the same way as in
Working Example 5, giving a dense fuel cell separator.
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[Comparative Example 12]

[0107] Aside from changing the curing accelerator from 2PZ to triphenylphosphine (referred to below as TPP), a
composition was prepared and compression molded in the same way as in Working Example 5, giving a dense fuel cell
separator.
[0108] The resistivity, glass transition point, flexural strength, flexural modulus, flexural strain and TOC were measured
for each of the dense fuel cell separators obtained in Working Examples 17 to 20 and Comparative Examples 8 to 12.
The results are shown in Table 3. In the table, "parts" signifies parts by weight.
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[0109] As shown in Table 3, the separators in Working Examples 17 to 20 obtained from compositions containing an
imidazole compound having a phenyl group at the 2 position as the curing accelerator had resistivities lower than 13
mΩ·cm, glass transition points higher than 160°C, flexural strengths above 60 MPa, flexural moduli of 11 GPa or more,
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and TOC levels below 7 ppm, and thus exhibited values that are suitable for dense fuel cell separators.
[0110] The separators in Comparative Examples 8 to 12 used as the curing accelerator either an imidazole compound
that does not have a phenyl group at the 2 position or triphenylphosphine, and therefore had a high resistivity and a low
strength.
[0111] Specifically, in Comparative Examples 8 and 9, because the activity of the curing accelerator was too high, a
rise in viscosity occurred due to rapid curing reactions within the mold, resulting in molding defects and a high resistivity.
[0112] In Comparative Examples 10 to 12, because the activity of the curing accelerator was too low, molding was
not finished at 9 seconds, the glass transition point was low, the resistivity and TOC level were high, and the flexural
strength was low.

[Working Examples 21 and 22, and Comparative Examples 13 and 14]

[0113] Aside from using the resin compositions prepared in Working Example 1, Working Example 5, Comparative
Example 1 and Comparative Example 2, and variously setting the compression time to 3, 5, 7, 12, 15, 20 and 30 seconds,
dense fuel cell separators were produced in the same way as in Working Example 1.
[0114] The resistivities, flexural strengths and TOC levels for each of the resulting separators were measured.
[0115] The results are shown in Tables 4 to 6. The results from Working Examples 1 and 5 and Comparative Examples
1 and 2 (molding time, 9 seconds) are presented together in each of the tables. These results are also shown in FIGS. 2 to 4.

[0116] As shown in Tables 4 to 6 and FIGS. 2 to 4, it is apparent that when resin compositions containing Graphite
Powder 8 having a springback of 10% were used, the flexural strength was inadequate at molding times of less than 10
seconds.

[Table 4]

Graphite powder Springback (%)
Molding time (seconds)

3 5 7 9 12 15 20 30

Resistivity (mΩ ·cm)

Graphite 8 10 13.4 11.0 11.2 11.0 10.9 11.2 11.1 11.0

Graphite 1 23 15.6 12.4 11.2 11.4 10.8 11.2 11.0 11.0

Graphite 5 50 19.8 16.1 12.4 11.6 11.4 11.4 11.0 10.9

Graphite 9 75 34.6 24.2 18.7 15.6 13.1 12.5 11.4 11.0

[Table 5]

Graphite powder Springback (%)
Molding time (seconds)

3 5 7 9 12 15 20 30

Flexural strength (mPa)

Graphite 8 10 42.4 46.6 48.4 48.6 48.2 48.6 48.9 49.2

Graphite 1 23 52.3 55.6 57.8 58.4 58.8 58.8 58.6 59.0

Graphite 5 50 56.1 60.2 62.3 63.1 63.6 64.1 64.0 64.0

Graphite 9 75 49.4 53.4 56.4 58.9 60.7 62.2 63.4 64.1

[Table 6]

Graphite powder Springback (%)
Molding time (seconds)

3 5 7 9 12 15 20 30

TOC (ppm)

Graphite 8 10 15.6 11.3 6.1 5.4 5.2 5.1 5 5.1

Graphite 1 23 16.2 12.3 6.9 5.6 5.4 5.6 5.4 5.3

Graphite 5 50 16.9 13.1 7.2 5.8 5.6 5.9 5.6 5.2

Graphite 9 75 20.1 16.3 12.1 10.9 8.1 6.6 5.4 5.1
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[0117] Also, when resin compositions containing Graphite Powder 9 having a springback of 75% were used, the
resistivity and TOC level were high at molding times of less than 10 seconds.
[0118] By contrast, when resin compositions containing Graphite Powders 1 and 5 having springbacks of respectively
23% and 50% were used, separators in which the resistivity, flexural strength and TOC level were all good were obtained
even at molding times of less than 10 seconds.
[0119] The above results demonstrate that, the use of graphite powders having a springback of between 20% and
70% provides dense fuel cell separators having good characteristics when molded for a short time.

Claims

1. A resin composition for a dense fuel cell separator, comprising graphite powder and an epoxy resin component that
includes a base resin, a curing agent and a curing accelerator,

wherein the graphite powder has a springback of between 20 and 70%, determined as described in the descrip-
tion, and an average particle size d50 of from 30 to 100 mm when measured as set out in the description, and
the curing accelerator is an imidazole compound having an aryl group at the 2 position.

2. The resin composition for dense fuel cell separators of claim 1, wherein the springback is between 20 and 65%
when measured as set out in the description.

3. The resin composition for dense fuel cell separators of claim 1 or 2, wherein the base resin is at least one resin
selected from the group consisting of cresol-novolak epoxy resins and biphenyl epoxy resins.

4. The resin composition for dense fuel cell separators of any one of claims 1 to 3, wherein the curing agent is a novolak
phenolic resin.

5. The resin composition for dense fuel cell separators of any one of claims 1 to 4, wherein the curing accelerator is
an imidazole compound having a phenyl group at the 2 position.

6. A dense fuel cell separator which is obtained by molding the resin composition for dense fuel cell separators of any
one of claims 1 to 5.

7. The dense fuel cell separator of claim 6 which has a resistivity of not more than 15 mΩ·cm, measured as described
in the description, a glass transition temperature of at least 135°C, measured as described in the description, and
a flexural strength of at least 50 MPa when measured as set out in the description.

8. The dense fuel cell separators of claim 6 or 7 which has a total organic carbon (TOC) value of 7 ppm or less when
measured as set out in the description.

9. A method for producing a dense fuel cell separator, comprising the step of compression molding the resin composition
for dense fuel cell separators of any one of claims 1 to 5.

10. The method for producing a dense fuel cell separator of claim 9, wherein compression molding is carried out for a
period of less than 10 seconds.

Patentansprüche

1. Harzzusammensetzung für einen dichten Brennstoffzellen-Separator, der Graphitpulver und eine Epoxidharzkom-
ponente umfasst, die ein Basisharz, einen Härter und einen Härtungsbeschleuniger umfasst,

wobei das Graphitpulver eine wie in der Beschreibung beschrieben bestimmte Rückverformung von zwischen
20 % und 70 % und eine wie in der Beschreibung dargelegt gemessene mittlere Teilchengröße d50 von 30 bis
100 mm aufweist und
der Härtungsbeschleuniger eine Imidazol-Verbindung mit einer Arylgruppe an Position 2 ist.

2. Harzzusammensetzung für dichte Brennstoffzellen-Separatoren nach Anspruch 1, wobei die wie in der Beschreibung
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dargelegt gemessene Rückverformung zwischen 20 % und 65 % beträgt.

3. Harzzusammensetzung für dichte Brennstoffzellen-Separatoren nach Anspruch 1 oder 2, wobei das Basisharz
zumindest ein Harz, ausgewählt aus der aus Kresol-Novolak-Epoxidharzen und Biphenyl-Epoxidharzen bestehen-
den Gruppe ist.

4. Harzzusammensetzung für dichte Brennstoffzellen-Separatoren nach einem der Ansprüche 1 bis 3, wobei der Härter
ein Novolak-Phenolharz ist.

5. Harzzusammensetzung für dichte Brennstoffzellen-Separatoren nach einem der Ansprüche 1 bis 4, wobei der
Härtungsbeschleuniger eine Imidazol-Verbindung mit einer Phenylgruppe an Position 2 ist.

6. Dichter Brennstoffzellen-Separator, der durch Formen einer Harzzusammensetzung für dichte Brennstoffzellen-
Separatoren nach einem der Ansprüche 1 bis 5 erhältlich ist.

7. Dichter Brennstoffzellen-Separator nach Anspruch 6, der einen wie in der Beschreibung beschrieben gemessenen
Widerstand von nicht mehr als 15 mQ cm, eine wie in der Beschreibung beschrieben gemessene Glasübergangs-
temperatur von zumindest 135 °C und eine wie in der Beschreibung dargelegt gemessene Biegefestigkeit von
zumindest 50 MPa aufweist.

8. Dichter Brennstoffzellen-Separator nach Anspruch 6 oder 7, der einen wie in der Beschreibung dargelegt gemes-
senen Gesamtwert an organischem Kohlenstoff (TOC) von 7 ppm oder weniger aufweist.

9. Verfahren zur Herstellung eines dichten Brennstoffzellen-Separators, das den Schritt des Formpressens einer Harz-
zusammensetzung für dichte Brennstoffzellen-Separatoren nach einem der Ansprüche 1 bis 5 umfasst.

10. Verfahren zur Herstellung eines dichten Brennstoffzellen-Separators nach Anspruch 9, wobei das Formpressen für
eine Dauer von weniger als 10 Sekunden durchgeführt wird.

Revendications

1. Composition de résine pour un séparateur de pile à combustible dense, comprenant de la poudre de graphite et un
composant de résine époxy qui inclut une résine de base, un agent de durcissement et un accélérateur de durcis-
sement,

dans lequel la poudre de graphite présente un retour élastique compris entre 20 et 70 %, déterminé comme
décrit dans la description, et une taille de particule moyenne d50 de 30 à 100 mm lorsqu’elle est mesurée comme
indiqué dans la description, et
l’accélérateur de durcissement est un composé d’imidazole présentant un groupe aryle en position 2.

2. Composition de résine pour séparateurs de pile à combustible denses selon la revendication 1, dans laquelle le
retour élastique est compris entre 20 et 65 % lorsqu’il est mesuré comme indiqué dans la description.

3. Composition de résine pour séparateurs de pile à combustible denses selon la revendication 1 ou 2, dans laquelle
la résine de base est au moins une résine choisie dans le groupe constitué de résines époxy de crésol-novolak et
de résines époxy de biphényle.

4. Composition de résine pour séparateurs de pile à combustible denses selon l’une quelconque des revendications
1 à 3, dans lequel l’agent de durcissement est une résine phénolique novolak.

5. Composition de résine pour séparateurs de pile à combustible denses selon l’une quelconque des revendications
1 à 4, dans laquelle l’accélérateur de durcissement est un composé d’imidazole présentant un groupe phényle en
position 2.

6. Séparateur de pile à combustible dense qui est obtenu par moulage de la composition de résine pour séparateurs
de pile à combustible denses selon l’une quelconque des revendications 1 à 5.
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7. Séparateur de pile à combustible dense selon la revendication 6, qui présente une résistivité de pas plus de 15 mΩ
cm, mesurée comme décrit dans la description,
une température de transition vitreuse d’au moins 135°C, mesurée comme décrit dans la description, et une résis-
tance à la flexion d’au moins 50 MPa lorsqu’elle est mesurée comme indiqué dans la description.

8. Séparateurs de pile à combustible denses selon la revendication 6 ou 7, qui présente une valeur de carbone
organique total (COT) de 7 ppm ou moins lorsqu’elle est mesurée comme indiqué dans la description.

9. Procédé de production d’un séparateur de pile à combustible dense, comprenant l’étape de moulage par compression
de la composition de résine pour séparateurs de pile à combustible denses selon l’une quelconque des revendications
1 à 5.

10. Procédé de production d’un séparateur de pile à combustible dense selon la revendication 9, dans lequel le moulage
par compression est effectué pendant une période inférieure à 10 secondes.
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